It was shown recently that current helicity, calculated using the photospheric magnetic Ðeld vector measurements, possesses a well-pronounced scaling behavior. The sign singularity of two-dimensional structures of current helicity, can be studied by introducing a signed measure and by h c \ B z AE ($ Â B) z , calculating the power-law exponent, the cancellation exponent i. The time variations of the cancellation exponent seem to be related to Ñare activity of an active region (AR). Periods of enhanced Ñaring are accompanied by a drop and subsequent rise of the cancellation exponent. Here we focus on the changes in the vortex structure of the photospheric magnetic Ðeld during the transition of an active region from low Ñaring to enhanced Ñaring state. We analyzed variations of the cancellation exponent, helicity imbalance, and total electric current in four Ñaring active regions and one quiet one. We show that the transition of an active region from a low Ñaring state to an enhanced one is always accompanied (in this study, the corresponding time interval is less than 2 hr) by the 30%È45% decrease of the cancellation exponent. In two active regions, a reliable 13%È22% decrease of the total electric current took place, and in three active regions the helicity imbalance changed. This, possibly, implies a reinforcement of the anticoriolis twist of the whole magnetic conÐguration. For comparison, the decrease of i in the quiet active region does not exceed 10%. This can be interpreted as a real preÑare reorganization of the vortex structure of the photospheric magnetic Ðeld : a combination of the exhausting of small-scale eddies along with the reinforcement of the total anticoriolis twist of the magnetic structure.
INTRODUCTION
A solar Ñare must be accompanied by some variations in the magnetic Ðeld. Despite a long history of investigations, one of the most important and difficult subjects in solar activity studies (see, for example, Hagyard et al. 1999 and references therein) is to reveal Ñare-related changes in an active region magnetic Ðeld (especially preÑare changes). One possible way is to look for parameters describing the magnetic complexity and nonpotentiality and study their time evolution.
The deviation of the solar magnetic Ðeld from potential (vortexless) state is a measure of its free energy. The current helicity of the magnetic Ðeld seems to be H c \ B AE ($ Â B) an important characteristic of an active regionÏs energy capability (Seehafer 1994) . The sign of averaged over H c , some volume, indicates the predominant twist of the electric current Ðlament (clockwise twist corresponds to the positive SH c T). Some general characteristics of current helicity (such as imbalance, hemispherical segregation, relations with the solar cycle) have been studied previously (Pevtsov, CanÐeld, & Metcalf 1994 , 1995 Abramenko, Wang, & Yurchishin 1996 ; Bao & Zhang 1998 ; see also the review by Pevtsov & CanÐeld 1999 and references therein) .
It has been shown that the two-dimensional structures of current helicity possess a well-pronounced scaling behavior (Abramenko, Yurchishin, & Carbone 1998a Ñaring seems to be accompanied by a signiÐcant decrease and the subsequent rise of the cancellation exponent i calculated using the signed measure of current helicity (Abramenko, Yurchishin, & Carbone 1998b ). Here we continue to study the time variations of the cancellation exponent and the helicity imbalance.
OBSERVATIONS
We analyzed the scaling properties of current helicity using the measurements of the vector magnetic Ðeld made with the Huairou videomagnetograph system of Beijing Astronomical Observatory using the photospheric Fe I 5324.19 spectral line. The Ðeld of view was about A 218 ] 314 arcsec (512 ] 512 pixels of the CCD).
The magnetic Ðeld vector at the photosphere was obtained on the basis of measurements of the four Stokes parameters I, V , Q, U. V was measured at line wing at [0.075 from the line center, while both the Q and the U A parameters were measured at the center of the spectral line. The bandpass of the birefringent Ðlter was 0.15
Cali-A . bration of vector magnetograms is based on the following formulas :
where and are calibration coefficients for line-of-C A C M sight and transverse components, respectively . The Ðeld azimuth is
The 180¡ ambiguity in the orientation of transverse Ðeld was resolved according to the potential Ðeld approximation method (Wang, Xu, & Zhang 1994) . The resolution seems to be reliable for a relatively strong transverse Ðeld. Errors in sites with rather weak transverse Ðeld are not excluded. The projection e †ect has been removed using the Gary & Hagyard (1990) method.
To match the real spatial resolution and to reduce the noise, all original images were averaged over a 1.72 ] 1.86 arcsec area (3 ] 4 pixels of original image). The Ðnal size of the averaged vector magnetograms is 128 ] 170 pixels. The noise level in the measurements of line-of-sight magnetograms (after 256 frame integrations) was less than 20 G. In this analysis, the noise level in the transverse Ðeld measurements was estimated from the standard deviation p of the transverse Ðeld in areas of very weak (\20 G) vertical magnetic Ðeld.
Except for sunspot umbra, the observed line-of-sight Ñux density is reliable. The magnetic Ðeld azimuth determined by the equation (3) is reasonably good when the region is not far from the disk center . It worthwhile to note that calibration of both the line of sight and the transverse Ðeld is systematically self-consistent and quite stable during a good seeing.
The photospheric Fe I 5324.19 spectral line is a broad, A with a width of about 0.33 and a factor of 1.5. For A Lande this strong line, Zeeman saturation and Doppler shift are not important (Ai, Li, & Zhang 1982) and, hence, were disregarded. Numerical simulations show that when B A \ 3000 G, the saturation e †ect causes only a 3% relative error for the bandpass location of 0.075 from the line center (Ai A et al. 1982) . For the transverse Ðeld, the linear relation in equation (2) holds as long as is less than 2000 G (Song & B M Ai 1993) . Faraday rotation was estimated by switching the bandpass from line center to line wings. The di †erences in observed azimuths were less than 10¡ , and the relative error in the electric current calculation introduced by Faraday rotation was found to be about 2% (T. Wang, 1999, private communication) . They were further reduced by the current helicity calculations. In any case, West & Hagyard (1983) have found that Faraday rotation is almost negligible (\10¡) for B \ 1800 G and an inclination angle t [ 45¡ regardless of wavelength o †set.
Using measurements of the vector magnetic Ðeld at the photosphere, one can calculate a z-related part of the current helicity
(referred hereafter as "" current helicity ÏÏ). This value calculated over 40 active regions (Abramenko et al. 1996) showed a reasonable agreement with other studies (Pevtsov & CanÐeld 1999) . The value in equation (4) was calculated as a line ($ Â B) z integral of the transverse Ðeld vector over the closed contour :
Here G is the singe pixel (1.72 ] 1.86 arcsec) and s is its area. Integration along each side of G was performed by SimpsonÏs formula. The signal-to-noise ratio in the current calculations was not less than 10 ; in the helicity calculations, it was higher than 100. In this analysis, we used solar magnetic Ðeld data for Ðve active regions located near the center of the solar disk. The magnetic Ðeld measurements for four active regions were acquired under good and stable seeing conditions. Unfortunately, in the case of AR 6891, the seeing was not good during the observations, so despite having vector magnetograms for most of the days while the active region traveled across the solar disk, we were reluctant to use them because of the high noise level, especially in transverse magnetic Ðeld. Nevertheless, 1991 October 27 was a day when in a very short period of time (6 hr) the active region produced two X-class and two M-class solar Ñares. This presented a reason to study vector magnetograms regardless of the seeing. Another point of interest was to establish whether, for such noisy data, we could see reasonable changes in the cancellation exponent related to a Ñaring activity.
To locate solar Ñare kernels in an active region, we used Hb images from Huairou Solar Observing Station as well as Ha images from Crimean Coronograph KG-1.
MATHEMATICAL FORMULATION AND CALCULATION
Because of the small scale and highly intermittent structure of the current helicity, it is interesting to apply some modern mathematical methods to study the scaling properties of the Ðeld. The intermittent structure suggests rapid oscillations in sign. The scaling properties of the current helicity can be analyzed by introducing the signed h c measure
where represents a unique hierarchy of disjoint L i (r) \ L (R) squares of size r, covering the whole square L of size R that encloses an active region. We then investigate the oscillations in sign by deÐning a scaling exponent i (Ott et al. 1992 )
For a probability measure, deÐned positive, we would obtain the trivial value i \ 0. In order to get i [ 0, the sum in equation (7) must increase as r ] 0, and this is possible only if the cancellations between positive and negative contributions in from equation (6) reduce as r ] 0. When this k i is true, the measure is said to be sign singular and the scaling exponent i is called a cancellation exponent. In general, for a random process embedded in a D-dimension space, i \ D/2. Nontrivial examples of physical processes displaying anomalous cancellation exist in the literature (Ott et al. 1992 ; Vekshtein, Priest, & Steele 1993 ; Bertozzi & Chhabra 1994 ; Carbone & Bruno 1996 .
Let the scale r be measured in pixels. For each given magnetogram, we choose a set of N positions of the square L on the map in such a way that its boundary does not cross the main maxima of the Ðeld Inside each square L , for h c . each position, the function from equation (7) is calculated and then averaged over the whole set N. Finally, the signed Vol. 538 measure is obtained through equation (7) and, by visual inspection, we choose a linear interval in the plot of log s(r) versus log (r/R) (see, for example, Fig. 1c ). The cancellation exponent is deÐned as a slope of the linear best Ðt. The linear interval for the majority of spectra analyzed here was between 15,000 and 1500 km (the limit of spatial resolution). Further details of the cancellation exponent calculation are described in (Abramenko et al. 1998a ).
POSSIBLE INFLUENCE OF SEEING VARIATIONS ON THE CALCULATIONS
Two of the main possible sources of errors can be analyzed.
E †ect of seeing.ÈTo understand how image distortion can a †ect the shape of the sign-singularity spectrum, we made calculations that were intended as a simple model for seeing variation.
We smoothed all three components of a single-vector magnetogram and calculated the current helicity. The smoothing was performed over 3 ] 3 and 5 ] 5 pixels, corresponding to 5.16 ] 5.58 and 8.6 ] 9.3 arcsec. Then, we calculated the cancellation exponent i, the total upward Jà nd downward J~vertical electric current and the total positive and negative Ñuxes of the vertical
All these values are plotted in Figure 1 . Here, in plots a and b, vertical axes show the ratio of the Ñuxes calculated for the smoothed vector magnetograms to those calculated for the unsmoothed magnetogram. One sees that the smoothing reduces the total current almost by 60% and the total magnetic Ñux by only 5%. This qualitatively coincides with results obtained by Lee et al. (1997) , who used the point-spread function to determine variation of the quite sun magnetic Ñux with the seeing. The smoothing results in washing out of all observed small-scale structures. This implies that below some scale, acquires a smooth density h c with the same sign, with the numerator in equation (6) approaching a constant value and i vanishing as r ] 0. In other words, as the seeing degrades, we obtain a spectrum with its shortwave end saturated. Figure 1c shows spectra calculated for unsmoothed, smoothed with 3 ] 3 box, and smoothed with 5 ] 5 box magnetograms. Solid lines show a linear best Ðt for an individual spectrum. It is easy to see in the smoothed magnetogram the stronger saturation ; as a result, the linear part of each spectrum becomes shorter as we do smoothing over the larger area.
In Figure 1d , the dependence of the cancellation exponent on the image quality is shown. It tells us that the slope becomes slightly higher as the image was smoothed down, possibly because the linear part in these spectra has become too short and the calculation of the cancellation exponent su †ers from errors. In fact, a more important point is the notable saturation at the shortwave end of the current helicity spectra. This was used as a criteria to select best vector magnetograms and also to interpret observed variations in active region magnetic Ðelds. This also allowed us to elaborate the useful restriction : since we intend to analyze only relative changes in i, but not its absolute value, we choose a Ðxed interval *r for all magnetograms in the data set for a given active region.
E †ect of noise.ÈThe noise usually has the Gaussian distribution with zero mean. So, its contribution to, say, the positive helicity is balanced by a contribution to the negative helicity, and the imbalance of helicity remains the same (the imbalance of helicity at some scale r is a key point in eq.
[6]). Thus, we expect no inÑuence of the noise on the i calculations.
5. DATA PROCESSING Table 1 lists studied active regions while their magnetograms are shown in Figure 2 . For each vector magnetogram, we deÐned a noise level. The noise for all the three components of the magnetic Ðeld was deÐned as the standard deviation p in the area outside strong Ðelds.
Inside each active region, we selected an area S (S being larger than the square L ) where calculations of the cancellation exponent were done (Figs. 2aÈ2e) . For a given active region, the area S remained the same throughout the data set. N positions of the square L covered the area S (their values are given in Figs. 2aÈ2e). For each position of the square L , we obtained the sign-singularity spectrum and the cancellation exponent i, deÐned as its slope using a Ðxed linear range *r. The averaged value of the cancellation exponent was obtained by averaging over N positions of square L . Our experience in calculation of the cancellation exponent showed that when we change the area S or the linear range *r, or the size of the square L , we obtain, for a given magnetogram, slightly di †erent values of i. However, when we recalculate (with the changed parameters) spectra for the entire set of magnetograms, we see the same tendency in the relative changes of cancellation exponent.
In the cases of two large bipolar active regions (AR 7216 and AR 7590), the area S was chosen in the following part of the active regions, because, due to the large extent of their magnetic Ðelds, it was impossible to include the whole active region in the analysis. It also allowed us to avoid the very strong magnetic Ðelds of the leading spots (and to eliminate the inÑuence of Faraday rotation) while embracing the following part by the square L . Two middle-sized active regions (AR 7315 and AR 7585) were fully included in the S. A very complex and large AR 6891 was only partially covered by S (Fig. 2e) .
For each vector magnetogram, inside the S we calculated Ðve parameters : total magnetic Ñuxes
a total electric current
where *s is the pixel area. The sign-singularity spectrum (eq. [7] ) and the imbalance of current helicity
were calculated for each position of the square L inside S and averaged over N positions. The values and J were normalized to those F z , F x , F y , calculated for the Ðrst magnetogram in the data set for a given active region.
All results are presented in Figures 3, 4 , 5, 6, and 7, where panels labeled (a) show the normalized Ñuxes and (we F z F x do not show here the Ñux because it shows the same B y tendency as and normalized J are shown in panels B x ) ; o h labeled (b). Averaged spectra log s(r) versus log (r/R) are given in panels labeled (c). Panels labeled (d) show Ñare activity in an active region (except Fig. 3d , where results for a quiet AR 7216 are presented) and the averaged value of the cancellation exponent and its corresponding standard error (they are also shown in 6th column of Table 1 ).
To clarify possible intrinsic relationships between the parameters and to determine their dependence on the noise, we have calculated the correlation between them (Tables 2  and 3) .
One sees ( 
5). are also not a †ected by the variations of the total transverse Ðeld Ñux ( o c(i,
In three active regions, there is F x ) o \ 0.5). no correlation between i and the vertical magnetic Ñux F z while in two active regions (AR 7216 and AR 7590) we found an anticorrelation between these two parameters (Table 2, 5th column). Special attention should be paid to AR 7216, which, on 1992 July 3, produced no Ñares between 01 : 00 UT and 06 : 00 UT. The strong anticorrelation c(i, along with the absence of Ñares suggests F z ) \ [0.91 that slow variations of i (Fig. 3d) were caused by the changes in the vertical magnetic Ñux.
The helicity imbalance does not depend strongly on o h the noise level : only in one case did we Ðnd the correlation coefficient to be larger than 0.5 (Table 3 , 2d c(o h , p Bx ) column). The correlation between and the magnetic o h Ñuxes and is low but slightly higher than that between F x F z i and the magnetic Ñuxes. This also can be seen in Figure  4a . The decrease of the various Ñuxes at 02 : 43 UT on 1992 October 24 (6th magnetogram), was reproduced in (Fig.  o  h  4b ), but there is no similar decrease in i (Fig. 4d) .
The total electric current J exhibits a signiÐcant correlation with both the noise level and the transverse (p Bx ) magnetic Ðeld and cannot be considered as a fully inde-(F x ) pendent parameter (Table 3, variations of the transverse magnetic Ðeld and the noise can be considered as evolutionary changes.
TRANSITION OF AN ACTIVE REGION FROM A LOW-TO AN ENHANCED-FLARING STATE
Four of the active regions (AR 7315, AR 7590, AR 7585, and AR 6891) produced many Ñares during the period of observations (Figs. 4È7d) . For each of them, the magnetic Ðeld observations analyzed here spanned periods of low and enhanced Ñare activity.
In particular, for AR 7315 (Fig. 4d ) the time interval from 1992 October 22, 23 : 00 UT, through October 23, 23 : 00 UT, was a period of enhanced Ñaring preceded by little Ñare activity.
AR 7590 (Fig. 5d ) produced many Ñares between 1993 October 2, 05 : 00 UT, and 1993 October 3, 04 : 00 UT.
In the case of AR 7585, a short time between 05 : 00 UT and 07 : 00 UT on 1993 September 24 (Fig. 6d) includes two C-class Ñares ; this fast-evolving active region produced several stronger Ñares only three days later.
For AR 6891 (Fig. 7d) , two time intervals (00 : 24È02 : 57 UT) and (05 : 20È06 : 56 UT) on 1991 October 27 were recognized as periods of high Ñaring with a low Ñaring state between them. This famous active region produced Ðve X-class Ñares and numerous M-and C-class Ñares.
We now indicate what we mean by transition time. Table 2 (last column) shows relative changes of the cancellation exponent i deÐned as follows :
where SiT is a mean, for a given active region, value. One can see that with the absence of Ñares (as in the case of AR 7216), i varies within 10%, whereas Ñare-productive active regions show abrupt changes of i by more than 40% (only in one case by 30%). This decrease is beyond the error of calculation, which, as a rule, does not exceed 2% of the absolute value of the cancellation exponent (see, e.g., Figs. 4È7d and Table 1 ). The cancellation exponent has systematic and statistically signiÐcant changes : in all the active regions a signiÐcant decrease of cancellation exponent took place associated with an increase of their Ñare activity. Thus, the transition time can be regarded as the time interval during which the cancellation exponent is decreasing (Figs. 4È7d) . This time is a †ected by the temporal resolution of our observations. Since magnetic Ðeld measurements were not made regularly, the transition time was not spanned well. An example is AR 7315 : there were no observations for several hours before the enhanced Ñaring state, and the Ðrst vector magnetogram on 1992 October 23 was recorded between 00 : 50 UT and 00 : 54 UT, just a couple minutes before the strong 2B/M4.1 Ñare began (Table 1 , 5th column). In this case, the transition time was deÐned as a time interval 00 : 50 UTÈ03 : 06 UT. In AR 7590 (Fig. 5d) , the transition occurred between 04 : 12 UT and 05 : 03 UT ; in AR 7585, between 02 : 42 UT and 06 : 00 UT ; in AR 6891, between 03 : 40 UT and 05 : 51 UT. Table 4 (2d column) presents absolute changes in the cancellation exponent during the transition time. It is obvious that all of them are signiÐcant relative to errors, and all of them are negative. In column 4 of Table 4 , the time interval between the magnetogram preceding the preÑare drop in i and the start time of the Ðrst Ñare after the cancellation exponent began to decrease is shown. Because of the low time resolution, we were not able to rule out whether or not there was an actual duration of the preÑare lowering of i. The initial value of i was in the range 0.5È0.7. Moreover, i tends to rise its initial value after a Ñaring period (AR 7315, AR 7585, and AR 6891). To clarify matters, long-term observations of the vector magnetic Ðeld prior to and after a Ñare with a high time cadence are needed.
In two active regions (AR 7590 and AR 7585), we found that, during the transition time, the electric current fell signiÐcantly, by 13% and 22%, respectively, while, during this period, the total magnetic Ñux and the noise level exhibited little change. To the contrary, in AR 7315 and AR 6891, the current varied synchronous with the transverse Ðeld and/or the noise.
Absolute changes of the helicity imbalance during the o h transition time are shown in column 3 of Table 4 . For two cases (AR 7315 and AR 7590, located in the northern hemisphere), we have found a growth of positive helicity, implying the reinforcement of large-scale clockwise (CW) twist (these changes are anticorrelated with i). In the case of AR 7585, located in the southern hemisphere, during the transition time one sees a growth of negative helicity (after the Ñare positive helicity began to increase). This means, in turn, the reinforcement of counterclockwise (CCW) twist of the whole active region while changes in were correlated o h with those in i (Table 2, 6th column). For the very complex AR 6891, no systematic behavior of was observed, posso h ibly, because of the incomplete coverage of magnetic structures by the rectangle S (Fig. 2e) . According to the hemispheric helicity rule, for the active regions located in the northern (southern) hemisphere, the predominant twist of coronal magnetic Ðelds is CCW (CW) with negative (positive) helicity imbalance (see review by Pevtsov & CanÐeld 1999 and references therein) . Thus, we see some evidence that during the transition time current helicity of "" wrong ÏÏ sign has increased or, to the contrary, current helicity of "" right ÏÏ sign has decreased. Obviously, our short data set does not allow us to prove this statement ; however, it opens prospects for further investigations.
Visual inspection of the transverse magnetic Ðeld azimuths before and after the Ñare-related decrease of cancellation exponent shows that the orientation of the transverse Ðeld changes over the whole active region and not only over the Ñare area. The typical example is shown in Figure 2f , where the small box marks the location of an Ha SN/C1.6 Ñare. Most signiÐcant changes occurred in northern part of the active region between the sunspots. From pixel to pixel there is a regular rotation of the transverse Ðeld happening during the transition time. Figure 2f also shows signiÐcant changes in the azimuth in the area of the Ha emission.
DISCUSSION
We analyzed here the cancellation exponent that characterizes scaling properties of two-dimensional intermittent Ðelds. Lawrence, Ruzmaikin, & Cadavid (1993) were the Ðrst to use this parameter in the analysis of solar line-ofsight magnetic Ðelds. They have found the value of i to be in the range of 0.02È0.05, which coincides with our results (0.01È0.07) obtained for the vertical component of the magnetic Ðeld (Abramenko, Yurchishin, & Carbone 1998c) . The application of the same routine to the two-dimensional structures of current helicity (Abramenko et al. 1998a) showed that the sign singularity of current helicity is higher (0.3È0.7) than that of vertical magnetic Ðeld. Moreover, it turned out that i is di †erent in di †erent parts of an active region : in the leading part, i is usually lower than that in the following part (see Fig. 1 in Abramenko et al. 1998a ).
It has also been shown (Abramenko et al. 1998b ) that an intrinsic relation exists between the cancellation exponent i and the scaling exponent for the Ðrst-order structure m 1 function deÐned by an expression
The expo-
Ho lder is related to the multifractal properties of the fully developed turbulence (Frisch 1995) and represents the rate of the smoothing of a physical process (Bertozzi & Chhabra 1994) . According to KolmogorovÏs hypothesis (see, e.g., Vainshtein et al. 1994) , in the case of fully developed turbulence m 1 \ 1 3 while for the smooth function It was shown Abram 1 \ 1. menko et al. (1998b) that the preÑare decrease of the cancellation exponent is accompanied by the growth of the exponent Analyzing the two-dimensional strucHo lder m 1 . ture of current helicity in an AR 7315, we found that m 1 grew from 0.5 to 0.7. Note, that because of the intermittency, the value of we obtained di †ers from (Frisch m 1 1 3 1995).
The Ñare-related variations of the scaling parameters are caused by Ñare-related changes in the photospheric magnetic Ðeld. As pointed out earlier, the cancellation exponent i characterizes the complexity of two-dimensional structures. The lower the cancellation exponent is, the more smoothed structure we observe (compare values of i for current helicity and those for the longitudinal magnetic Ðeld). Both the observed decrease of the cancellation exponent and the observed growth of the exponent Ho lder m 1 during the transition time reÑect the fact that tangential discontinuities in the photospheric magnetic Ðeld reduce prior to the enhanced Ñaring state.
Only in one case (AR 7315) was it obvious that i was decreasing during and after the strongest Ñare, which coincides with ParkerÏs conception that the strength of tangential discontinuities should be signiÐcantly reduced by the occurrence of the solar Ñare (Parker 1989) . However, another case (AR 6891) gives us evidence that just after the Ñare onset the maximum value of i tends to return to its preÑare level.
During the transition from a low Ñaring state to an enhanced one, a wide range of magnetic vortexes should reduce over the whole active region before a Ñare (at least, i deÐnes the vortex behavior on scales of 1500È15,000 km). Our results enable us to suggest that several hours before the enhanced Ñaring there is a period in the evolution of an active region when the photospheric magnetic Ðeld undergoes signiÐcant reorganization : exhausting of small-scale eddies, probably accompanied by the reinforcement of the large-scale global twist of "" wrong ÏÏ sign.
CanÐeld, Pevtsov, & McClymont (1997) found a clear tendency for active regions to connect with others of the same chirality. MelroseÏs model (Melrose 1997 ) also shows that only cohelicity reconnection is allowed and preferred from the point of view of energy release. Simulation of interaction of parallel Ñux tubes with cohelicity shows that as the Ñux tubes approach each other and collide the twist in the Ñux tubes gradually decreases while diameter of the Ðnal Ñux tube increases and the Ðnal and initial state of the system has the same amount of helicity (Kondrashov et al. 1999) . However, Pevtsov, CanÐeld, & Zirin (1996) provided some observational evidence that in cohelicity reconnection the twist may add up to make the Ðnal Ñux tube more unstable. This qualitatively corresponds to the picture we drew from our observations. The reduction of tangential discontinuities prior to a Ñare may be considered as two Ñux tubes interacting, with subsequent build-up of the magnetic twist, which further leads to a solar Ñare.
A possible reinforcement (in three cases out of four) of current helicities of "" wrong ÏÏ sign during the transition time suggests that some preference for interaction of magnetic Ñux tubes in an active region exists. Possibly, some propagating disturbance spreads over a whole active region (see, e.g., Aschwanden et al. 1999) causing an interaction of the magnetic Ñux tubes with certain chirality. According to Low (1985) , any changes in the free energy of the coronal magnetic Ðeld should be manifested at the photospheric boundary : reorganization of the coronal magnetic Ðeld changes the photospheric Ðeld in such a way that the photospheric boundary corresponds to the new equilibrium state of the coronal Ðeld. Since the whole coronal Ðeld is probably involved in a Ñare (van Driel-Gesztelyi et al. 1997 ; Aschwanden et al. 1999) , then photospheric changes occur over the whole active region.
Unfortunately, because of poor time resolution, we cannot retrace variations in i with every Ñare of the enhanced Ñaring period, as well as changes in i when a Ñare is in progress. To clarify the observed phenomena, observations with a high temporal and spatial resolution as well more theoretical work need to be done. Three-dimensional simulations of interacting magnetic Ñuxes can shed light on the details of this process as well reveal some quantitative characteristics of a system. This, together with precise measurements of the transverse magnetic Ðeld o †ers the possibility to reveal, in greater detail, Ñare-related changes of the magnetic Ðeld.
CONCLUSIONS
Analyzing the Ñare-related variations in the magnetic Ðeld of Ðve active regions, we have come to the following conclusions.
1. Variations in the cancellation exponent i of current helicity and the changes of the helicity imbalance do not o h correlate with the noise level and, in the Ñare-productive active regions, exhibit a very low correlation with variations of magnetic Ñuxes. An estimation of total electric current su †ers from the noise in observational data.
2. Throughout periods of low Ñaring activity, variations of the cancellation exponent i of current helicity are small (less than 10%) and seem to be caused by the magnetic Ñux variations.
3. During the transition of an active region from the low Ñaring state to the enhanced one (0È3 hr before solar Ñare), the cancellation exponent i decreases by about 30%È40%, which cannot be explained by the seeing variation. In two cases, a reliable decrease of total electric current by 13% and 23% was noted.
4. The study of two-dimensional maps of the magnetic Ðeld and its helicity before and after the beginning of the enhanced Ñaring period, as well as sharp changes of global parameters of an active region, allow us to conclude that the Ñare-related changes in the magnetic Ðeld take place not only at the Ñare sites but, rather, over the entire active region. This is in agreement with results by Hagyard et al. (1999) , who found notable changes in the azimuth far from the Ñare site.
5. The preÑare drop of the cancellation exponent i of current helicity could be used for short-time Ñare prediction.
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